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[57] ABSTRACT 
A brushless motor in which the Hall elements are 
mounted around a sub-magnet by means of a holder and 
a printed circuit board is disclosed. The holder com 
prises a semicircular disk-shaped base portion and a 
semicircular cylindrical extension portion extending 
therefrom to oppose the outer circumferential surface 
of the sub-magnet across a small radial gap, wherein a 
plurality of rectangular bores for accommodating the 
Hall elements are formed in the extension portion at a 
?xed circumferential pitch, each bore having an axial 
depth substantially greater than the length of Hall ele 
ments. The Hall elements accommodated in respective 
bores are sealed by an adhesive, and the semicircular 
disk-shaped printed circuit board is attached on the base 
portion of the holder by means of a mortice and tenon 
joint, to close the bores of the holder. The leads of the 
Hall elements are soldered to the printed circuit pattern 
formed on the back surface of the printed circuit board. 
The holder and the printed circuit board fixed to each 
other are mounted together to- the rear bracket of the 
motor. 

5 Claims, 4 Drawing Sheets 
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BRUSHLESS MOTOR WITH HALL ELEMENTS 

BACKGROUND OF THE INVENTION 

This invention relates to brushless motors utilizing 
Hall elements as the sensor for detecting the position of 
the rotor, and more particularly to the mounting struc_ 
ture of the Hall elements therein. 

Brushless motors utilizing Hall elements as the sensor 
for detecting the rotor position are now widely used in 
the ?eld where precise control of the rotation of the 
motor is essential. In such motors, the rotational posi 
tion of the rotor is detected by the Hall elements, and, in 
response thereto, the directions of the currents supplied 
to the stator coils are switched over in turn by power 
transistors so as to produce a rotating magnetic ?eld and 
to obtain the torque of the rotor. However, the outputs 
of the Hall elements, which utilize the Hall effect to 
detect the magnetic ?eld generated by a magnet ?xed 
on the rotor shaft, are dependent on their attitude. Thus, 
it is important that the detector surface of the Hall 
elements are precisely positioned with respect to the 
magnet ?xed on the rotor shaft. 

Japanese Patent Publication No. 63-1020 discloses a 
mounting structure of Hall elements in brushless motors 
whereby a double-sided printed circuit board is utilized: 
the printed circuit board comprises notches formed on 
the inner surface of the annular portion thereof sur 
rounding an axial end of the rotor, and the Hall ele 
ments are ?tted into these notches so as to bridge the 
printed circuit patterns formed on both surfaces of the 
circuit board. This method of mounting, however, re 
quires a double-sided printed circuit board and is rather 
complicated. FIGS. 1 through 3, on the other hand, 
show a simpler mounting structure in which a one-sided 
printed circuit board is utilzed for the mounting of the 
Hall elements: 
FIG. 1 shows the overall structure of a frameless type 

brushless motor in which the Hall elements are 
mounted by means of a one-sided printed circuit board. 
The stationary part of the motor includes: an annular 
stator core 1, stator coils 1a wound around the stator 
core 1, and cup-shaped front and rear brackets 2a and 2b 
secured to the stator core 1 to form the housing struc 
ture of the motor. On the other hand, the rotor 3 of the 
motor comprises: a rotor shaft 4 rotatably supported by 
a pair of bearings 5a and 5b sucured to the front and rear 
brackets 20 and 2b, respectively; and a rotor core 6a and 
a main magnet 6b coaxially secured to the rotor shaft 4. 
Thus, the rotor 3 is free to rotate within the stator core 
1. Further, to the rear side of the rotor 3 (to the right in 
the ?gure), an annular sub-magnet 7 is secured to the 
rotor shaft 4 to generate the magnetic ?eld for the deter 
mination of the position of the rotor 3. 
The mounting structure of the Hall elements is best 

shown in FIG. 2 which shows the cross section of the 
motor along the line A—A of FIG. 1. The Hall ele 
ments 8 (three in number in the fugure) are secured via 
respective holders 9 of a non-magnetic electrically insu 
lating material to a semi-circular annular one-sided 
printed circuit board 10, so as to oppose the outer side 
surface of the submagnet 7 across a small radial gap. 
The Hall elements 8, which are, as is well known, 
molded into packages of epoxy resin, etc., are circum 
ferentially spaced from each other by 60 degrees, and 
detect the variation of the magnetic ?eld generated by 
the sub-magnet 7 to determine the position of the rotor 
3. The semi-circular printed circuit board 10 having a 
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2 
printed circuit formed on the rear surface (at the right 
side in FIG. 1) is secured to the bottom surface of the 
rear bracket 2b via a plurality of ?xing screws 11. As 
best shown in FIG. 3, each Hall element 8 is partially 
inserted into a holder 9 at the rear end thereof, to be 
supported by the holder 9 in the state of a cantilever, 
each Hall element 8 and holder 9 being ?xed to each 
other and to the printed circuit board 10 by means of an 
adhesive 12; in addition, the four leads 8a of each Hall 
element 8 are electrically coupled via solder 13 to the 
electrically conductive pattern 10a formed on the rear 
surface of the printed circuit board 10. 
The above mounting structure of the Hall elements 8 

in brushless motors has the following disadvantage. 
Namely, the Hall elements 8 are each supported by the 
holder 9 in the state of a cantilever; thus, when the Hall 
element 8 are subjected to vibrations, especially to those 
in the direction Y shown in FIG. 3, the leads 8a and the 
solder 13 may suffer an electrical disconnection due to 
the fatigue failure thereof, which results in the disable 
ment of the motor. Further disadvantage of the above 
mounting structure is that the application of the adhe 
sive 12 requires an expert skill and is low in the opera 
tion ef?ciency. 

SUMMARY OF THE INVENTION 

It is a primary object of this invention therefore to 
provide a brushless motor having Hall elements as the 
rotor position sensor, wherein the mounting structure of 
the Hall elements is enhanced in the strength against 
vibrations as Well as in the production ef?ciency. 
An additional object of this invention is to provide a 

brushless motor of the above type in which the Hall 
elements are effectively protected from intrusion of 
water. 
The above objects of this invention are accomplished 

in accordance with the principle of this invention by a 
mounting structure of the Hall elements whereby the 
Hall elements are completely accommodated in the 
rectangualr bores formed in a holder. The motor com 
prises a sub-magnet ?xed on the rotor shaft for generat 
ing the magnetic ?eld for the determination of the rotor 
position, and the holder comprises a semicircular cylin 
drical extension portion surrounding the outer circum 
ferential surface of the sub-magnet across a small radial 
gap. The rectangular bores each having dimensions 
capable of completely accommodating a Hall element 
therein are formed in this extension portion of the 
holder at a predetermined circumferential pitch. The 
Hall elements are accommodated within the bores of 
the holder to be separated from each other by a prede 
termined circumferential pitch and to oppose the outer 
circumferential surface of the sub-magnet across a small 
radial gap. A printed circuit board having a printed 
circuit pattern on the back surface thereof is attached to 
the holder (by means of a mortise and tenon joint, for 
example) to close the openings of the bores of the 
holder, and the leads of the Hall elements are passed 
through the through-holes formed in the printed circuit 
board to be electrically connectd to the printed circuit 
pattern formed on the back surface of the board. The 
holder and the printed circuit board that are ?xedly 
secured to each other are mounted together to the hous 
ing structure of the motor. It is preferred that the bores 
have axial depths substantially greater than the length 
of the Hall elements, and the recesses left above the Hall 
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elements at the opening of the bores are ?lled by an 
adhesive. 
The novel features which are believed to be charac 

teristic of this invention are set forth with particularity 
in the appended claims. This invention itself, however, 
both as to its structure and method of assembly, to 
gether with further objects and advantages thereof may 
best be understood from the detailed description of the 
preferred embodiment taken in conjunction with the 
accompnaying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an axial sectional view of a brushless motor 
in which the Hall elements are mounted by means of a 
conventional mounting structure; 
FIG. 2 is a transverse sectional view of the motor of 

FIG. 1 along line A—A shown therein; 
FIG. 3 is an enlarged axial sectional view of the por 

tion around a Hall element of the motor of FIG. 1; 
FIG. 4 is a view similar to that of FIG. 1, but showing 

a motor in which the Hall elements are mounted by 
means of a mounting structure according to this inven 
tion; 
FIG. 5 is a transverse sectional view of the motor of 

FIG. 4 along line A-A shown therein; and 
FIG. 6 is an enlarged axial sectional view of the por 

tion around a Hall element of the motor of FIG. 4. 
In the drawings, like reference numerals represent 

like or corresponding portions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIGS. 4 through 6 of the drawings, 
an embodiment of this invention is described. 
FIG. 4 shows the overall structure of a 3-phase 4-pole 

frameless type brushless motor having Hall elements 
mounted according to this invention. The motor is simi 
lar to that shown in FIG. 1. Thus, as shown in FIG. 4, 
the stationary part of the motor includes: an annular 
stator core 1, stator coils 1a wound around the stator 
core 1, and cup-shaped front and rear brackets 20 and 2b 
secured to the stator core 1 so as to hold the stator core 
1 therebetween and to form the housing structure of the 
motor together with the stator core 1. On the other 
hand, the rotor 3 of the motor comprises: a rotor shaft 
4 rotatably supported by a pair of bearings 5a and 5b 
sucured to the front and rear brackets 2a and 2b, respec 
tively; and a rotor core 6a and a main magnet 6b coaxi 
ally secured to the rotor shaft 4. Thus, the rotor 3 is free 
to rotate within the stator core 1. Further, to the rear 
side of the rotor 3 (to the right in the ?gure), an annular 
disk-shaped sub-magnet 7 having a plurality of poles 
formed at the circumference thereof is secured to the 
rotor shaft 4 to generate the magnetic ?eld for the deter 
mination of the position of the rotor 3. 
The mounting structure of the Hall elements 8 ac 

cording to this invention is best shown in FIGS. 5 and 
6, which show, respectively, the transverse cross sec 
tion of the motor along the line A—-A in FIG. 4 and an 
enlarged axial cross section thereof around a Hall ele 
ment. The three Hall elements 8, molded into rectangu 
lar box-shaped packeges of an epoxy resin, etc., are 
mounted by means of a holder 90 and a printed circuit 
board 10 to oppose the outer side surface of the sub 
magnet 7 across a small radial gap at a circumferential 
pitch of 60 degrees; the mounting of the Hall elements 8 
is effected as follows: 
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The holder 90, made of a non~magnetic electrically 

insulating material such as a synthetic resin, comprises a 
semi-circular annular disk-shaped base portion (at the 
right side in FIGS. 4 and 6) and a semi-circular cylindri 
cal axial extension portion extending axially forward 
(toward left in FIGS. 4 and 6) from the base portion to 
surround and oppose the side surface of the sub-magnet 
7 across a small annular radial gap. The three rectangu 
lar bores 9b are formed in the axial extension portion of 
the holder 90, to be circumferentially spaced from each 
other by 60 degrees. The depth (axial dimension) of the 
bores 9b is substantially greater than the length of the 
Hall element 8; on the other hand, the thickness (radial 
dimension) and the width (circumferential dimension) 
of the rectangular bores 9b are substantially equal to the 
corresponding dimensions of the Hall elements 8. Thus, 
as best shown in FIG. 6, each Hall element 8 is com~ 
pletely accommodated in a bore 9b, to leave a small 
recess at the opening of the bore 9b, into which an 
adhesive 12a in the form of gel is ?lled to seal the Hall 
elements 8, wherein the leads 8a of the respective Hall 
elements 8 extend through the adhesive 12a. Inciden 
tally, the radial thickness t of the holder 90 (see FIG. 6) 
across which the Hall elements 8 opposes the outer side 
surface of the sub-magnet 7 is preferred to be made as 
small as possible from the view point of the sensitivity 
of the Hall elements 8 to the magnetic ?eld generated 
by the sub-magnet 7; however, due to a limitation im 
posed by the molding process of the holder 9a, the 
thickness t is selected at 0.5 to 0.8 mm. 

After the Hall elements 8 are accommodated within 
the bores 9b and sealed by the adhesive 120, a semi-cir 
cular disk-shaped one-sided printed circuit board 10 
having a printed circuit pattern 10a at the back surface 
(at the right side in FIGS. 4 and 6) is attached to the 
base portion of the holder 9a,‘ this is effected by means 
of a mortise and tenon joint as follows: the holder 9a 
comprises on the rear (abutting) surface of the base 
portion thereof a plurality of projections or tenons 9c, 
and these tenons 9c are ?tted into respective holes (mor 
tises) 10b formed in the printed circuit board 10 in regis 
try therewith. The four leads 8a of the respective Hall 
elements 8 are passed through respective through holes 
100 formed through the printed circuit board 10, and are 
electrically connected to the printed circuit pattern 100 
via a solder 13. Thereafter, the holder 90 (accomodating 
the Hall elements 8) and the printed circuit board 10 
thus assembled together are ?xedly secured together to 
the bottom portion of the rear bracket 2b by means of a 
plurality of ?xing screws 11, as best shown in FIG. 5. 
Thus, when the above mounting operation is com 
pleted, the three Hall elements 8 are positioned around 
the sub-magnet 7 to oppose the outer circumferential 
surface thereof across a small radial gap at a circumfer 
ential pitch of 60 degrees. 
The advantages of the above mounting structure of 

the Hall elements 8 are as follows: First, the leads 8a and 
the electrical connections thereof to the pattern 100 on 
the printed circuit board 10 are protected from stress 
during assembly. Namely, since the holder 90 and the 
printed circuit board 10 are secured together by means 
of the mortise and tenon joint (the ?tting projections 90 
and the holes 10b thereof as shown in FIG. 6), an exter 
nal force, which may be applied to the holder 9a and the 
printed circuit board 10 during assembly when they are 
mounted to the rear bracket 2b, does not cause any 
stress in the leads 8a. A second advantage is this: the 
leads 8a and the electrical connections thereof to the 
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circuit pattern 10a via the solder 13 are protected from 
fatigue failure during the operation of the motor. 
Namely, since the Hall elements 8 are accommodated 
completely within the respective bores 9b in the holder 
90 to which the printed circuit board 10 is secured by 
means of the mortise and tenon joint, repeated vibra 
tions to which the leads 8a and the solder 13 may be 
subjected during the service operation of the motor do 
not result in the fatigue of the leads 8a or the solder 13. 
Further, since the Hall elements 8 are completely ac 
commodated within the bores 9b and the adhesive 12a is 
?lled in thereafter into the recess above the Hall ele 
ments 8 to seal the Hall elements 8, the application of 
the adhesive 120 does not require an expert skill, and the 
Hall elements 8 are effectively protected from water 
during the service operation of the motor. 

Incidentally, the above description has been made 
with respect to the case where the motor is a 3-phase 
4-pole brushless motor and three Hall elements are 
mounted at a circumferential pitch of 60 degrees. In 
such motors, however, the circumferential mounting 
pitch of the Hall elements may also be selected at 120 
degrees. Further, it is pointed out that one and the same 
holder structure may be used for different types of 
brushless motors (e. g., having different number of poles, 
etc.) by forming a plurality of bores within the holder at 
such a circumferential pitch that the mounting circum 
ferential pitch of the Hall elements required by a partic 
ular type of motor will become equal to an integral 
multiple of the circumferential pitch of the bores 
formed in such holder; then, in the assembly of a partic 
ular type of motor, the Hall elements are to be accom 
modated only in those bores which are separated from 
each other by the circumferential pitch required by that 
particular type of motor. 

' While the description has been made of a particular 
embodiment of this invention, it will be understood that 
many modi?cations may be made without departing 
from the spirit thereof; the appended claimed are con 
templated to cover any such modi?cations as fall within 
the true spirit and scope of this invention. 
What is claimed is: 
l. A brushless motor having Hall elements for detect 

ing the rotor position, comprising: 
a rotor having a rotor shaft rotatably supported by a 

housing structure of the motor, and a cylindrical 
main rotor magnet coaxially secured to said rotor 
shaft; 

a stator having stator coils supplied with currents 
whose directions are changed over in succession in 
response to a position of the rotor so as to drive and 
rotate the rotor; 
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6 
an annular sub-magnet secured to the rotor shaft at a 

side of the main rotor magnet, said sub-magnet 
having magnetic poles formed at an outer circum 
ferential surface thereof; 

‘a holder of non-magnetic material having a semicir 
cular cylindrical extension portion extending over 
and opposing the outer circumferential surface of 
the sub-magnet across a small radial gap, said ex 
tension portion having a plurality of rectangular 
bores formed therein at a predetermined circumfer 
ential pitch, each bore extending in an axial direc 
tion to open at an axial end, wherein each bore has 
suf?cient dimensions to receive and accommodate 
a Hall element completely therein; 

a plurality of Hall elements accomodated within 
bores of said holder to be separated from each 
other by a predetermined circumferential pitch and 
to oppose the outer circumferential surface of the 
sub-magnet across a small radial gap, said Hall 
elements detecting the magnetic ?eld generated by 
the sub-magnet to determine the position of the 
rotor; and 

a printed circuit board attached to said holder to 
close openings of said bores and having a printed 
circuit pattern formed on a back surface thereof 
opposite to a surface thereof attached to the holder, 
wherein leads of the Hall elements extend through 
through-holes formed in the printed circuit board 
to be electrically connected to the printed circuit 
pattern, and the holder and the printed circuit 
board ?xedly secured to each other are mounted 
together to the housing structure of the motor. 

2. A brushless motor as claimed in claim 1, wherein 
said holder and said printed circuit board are ?xedly 
secured to each other by means of a mortise and tenon 
joint. 

3. A brushless motor as claimed in claim 1 or 2, 
wherein said holder comprises a semicircular disk 
shaped base portion from which said extension portion 
thereof axially extends, and said printed circuit board 
having a semicircular disk-shaped form is attached to 
the ‘base portion of the holder in substantial alignment. 

4. A brushless motor as claimed in claim 1 or 2, 
wherein each bore of said holder has an axial dimension 
substantially greater than a length of the Hall elements 
so that a recess is left in each bore at the opening thereof 
over‘the Hall element accommodated therein, and an 
adhesive is ?lled in into each recess to seal the Hall 
element. 

5. A brushless motor as claimed in claim 1 or 2, 
wherein three bores are formed in said holder at a cir 
cumferential pitch of 60 degrees, each bore accommo 
dating a Hall element therein. 

> * 1: a: * a: 


